Abstract: A useful model, previously proposed, has been applied to calculate liquid-liquid equilibria of alkane + methanol + ether ternary systems from pure-component properties alone. Its prediction performances are evaluated in comparison with UNIFAC widely adopted. In this study, the temperature dependency of multi-component parameter in the model has been examined and discussed.
Introduction
In a previous paper 1) , a useful model to calculate liquid-liquid equilibria (LLE) has been proposed. The model is termed as GC-MW (Group Contribution model based Modified Wilson equation) and its successful applicability has been acknowledged in calculation of LLE for alkane + methanol + aromatics ternary systems at 25°C. As a continuation, GC-MW has been applied to predict LLE of alkane + methanol+ ether ternary systems at 20~40°C. In this study, the temperature dependency of multi-component parameter in GC-MW has been examined and its calculation performances are compared with the modified UNIFAC (Dortmund) 2,3) .
GC-Modified Wilson Equation
LLE can be calculated by the thermodynamic equilibrium condition: xi
II where γi means the activity coefficients of component i, and xi denotes the mole fractions of component i in both liquid phases I and II. Therefore, LLE can be calculated by using a suitable activity coefficient equation. In this study, GC-MW has been adopted to estimate activity coefficients from pure component properties alone based on group contribution treatments.
Activity coefficients
Activity coefficients can be briefly given from GC-MW as follows 1) .
(1) where Aj, Bij and Cj are described by
Further, the interaction parameters are defined as ( )
Binay interaction parameters
The binary interaction energies due to attractive force gij in Eq. (6) can be estimated by Kobuchi et al. 1) .
where the liquid molar volume v and the solubility parameters δ of pure components at a given temperature t can be calculated as follows.
To represent LLE (mutual solubility) of partially miscible binary systems such as alkane (1) + methanol (2), the binary interaction parameters θij between unlike molecules have been found to be dependent on temperature and they are approximated by a linear function of temperature as follows.
where the constant θij (25°C）and the coefficient φij can be empirically expressed by the following equations.
The coefficients aij ~ fij should be determined by LLE data regression.
On the other hand, the interaction parameters θij for miscible binary mixtures such as alkane(1) + ether(3) and methanol(2) + ether(3) can be evaluated from experimental vapor-liquid equilibria (VLE) at usually 101.3 kPa and are ascertained to be independent on temperature. Therefore, they can be empirically given by . Further, θij (VLE) for the binary systems containing ether have been determined, in this study, by using VLE data at 101.3 kPa and they are presented in Table 1 . The calculation performances for these binary systems from the coefficients given in Table 1 are shown in Table 2 and Table 3 . As shown in these tables, good calculation performances can be obtained.
LLE of alkane(1) + methanol(2) + ether(3)
To calculate LLE of alkane(1) + methanol(2) + ether(3), the binary parameters θij (LLE) and θij (VLE) are needed and they are determined as mentioned above. Further, the multi-component parameter D in Eq. (7) is required. It can be empirically expressed by
where the coefficients a0, bi and ci should be determined by using experimental LLE data of the multi-component mixtures. Those coefficients for alkane(1) + methanol(2) + ether(3) have been evaluated by using LLE data at 25°C by Higashiuchi et al. 4, 5) and they are presented in Table 4 and its correlation performances are given in Table 5 . Further, correlation performances at other temperatures are also shown in the table. The correlation performances by UNIFAC 2, 3) are included in Table 5 for comparison. And, typical illustrations are shown in Figure 1 and Figure 2 . As shown in Table 4 and these figures, good correlation performances are obtained. It should be noted that correlated results in Table 4 for LLE at 20, 30 and 40°C are obtained by using Eq. (15) with the coefficients determined from LLE data at 25°C. Namely, the multi-component parameter D may be almost insensitive to temperature.
Conclusion
A useful model GC-MW based on a modified Wilson equation 1) has been successfully applied to calculate LLE of alkane + methanol + ether ternary systems at 20~40°C. It is noted that the parameters needed in calculation can be estimated from the knowledges of molecular structures and the normal boiling points and solubility parameters obtained from the group-contribution treatments. The correlation performances of GC-MW have been acknowledged to be comparable or slightly better in comparison with the modified UNIFAC (Dortmund) 2, 3) widely used. Further application of GC-MW to other mixtures still remains in the future work. Table 2 Correlation performances for VLE of alkane (1) + ether (3) binary systems at 101.3 kPa a a VLE data at 101.3kPa have been adopted of which data sources are given in a previous paper 6) .
b The interaction parameters θ 13 and θ 31 are obtained by Eqs. (14) with the coefficients given in Table 1 . Table 3 Correlation performances for VLE of alcohol (2) + ether (3) binary systems at 101.3 kPa a a VLE data at 101.3 kPa have been adopted of which data sources are given in a previous papers 7) .
b The interaction parameters θ 23 and θ 32 are obtained by Eqs. (14) with the coefficients given in Table 1 4, 5) and Watanabe et al. 8) . b Estimated from Eqs. (11) and (14) with the coefficients shown in the previous paper 1) and Table 1. c Multi-component parameters obtained by Eq. (15) with the coefficients given in Table 4 .
component i in phase p at tie-line t, and N denotes the number of tie-line data. In the present calculations, an algorithm with K-value (Ki = xi II / xi I ) has been adopted and x3 II is given from experimental data under atmospheric pressure.
e UNIFAC parameters have been cited from Gmehling et al. 2) and Lohmann et al. 3) .
Octane (1) Methanol (2) MTBE ( are respectively the calculated and experimental mole fractions of a LLE data at 25°C have been cited from Higashiuchi et al. 4, 5) . 
